Summary.-Data from the Oxford Survey have shown that childhood cancers are causes of in utero deaths which affect leukaemias more than solid tumours and difficult deliveries more than easy ones. As a result of these biases singletons give the impression of being more leukaemia-sensitive than twins. This is a false impression which affects other situations and makes it more difficult to detect the leukaemogenic effects of obstetric radiography in a prospective survey than in a case-history survey, and essential to look for these effects beyond the period affected by the in utero deaths.
A RECENT account of the ultimate goal of the Conquest of Cancer Program (Schneiderman and Peters, 1972) leaves one with the impression that contemporary interpretations of prevalence and mortality rates for childhood leukaemias are based on doubtful and contradictory assumptions. Schneiderman and Peters (1972) refer to a paper by Fraumeni and Miller (1967) which showed the secular trends of age-specific leukaemia mortality in the United States, and came to the conclusion that the most sensitive indicator of environmental leukaemogens was the mortality experience of young children. Since there is bound to be less exposure to environmental influences before birth than after birth, this statement implies a belief in the post-natal origins of childhood leukaemias. Nevertheless, Schneiderman and Peters were clearly of the opinion that a recent halving of leukaemia notifications in the youngest age group (0-4 years) in California and Connecticut could be due to a reduced frequency of obstetric radiography and influenza in pregnant women, showing that they not only accepted the opinions of Fraumeni and Miller but were also impressed by the epidemiological evidence which suggests that childhood leukaemias have prenatal or even preconception origins (MacMahon and Levy, 1964; Stewart and Hewitt, 1965 ; Stewart and Kneale, 1970b) .
The available evidence suggests that neither prenatal irradiation nor maternal influenza are common causes of childhood leukaemias (Stewart, Webb and Hewitt, 1958; Stewart and Kneale, 1 970a; Fedrick and Alberman, 1972) . Also, there must be prenatal causes of these diseases other than obstetric radiography because the non-x-rayed cases in an ongoing retrospective survey in Oxford had even earlier onsets than the radiogenic cases (Stewart and Hewitt, 1965; Stewart and Kneale, 1970b) . The fact remains that even if the " leukaemogen " responsible for every death ascribed to leukaemia could be identified and one could state when each of these fatal illnesses began, it would still be a mistake to regard the childhood deaths as reliable or sensitive indicators of the basic causes of leukaemia.
The reason the mortality experience of young children cannot be used for this purpose is that it has been shown by Kneale (1971) Segi, Kurihara and Matsuyama, 1960-69) . These changes were due to the greatly decreased risks of dying from many causes including pneumonia (Kneale, 1971; Stewart, 1972a) , and because antibiotics also decreased the risk of contracting pneumonic complications of minor infections, the rising death rate for leukaemia was accompanied by an upward shift in the age at diagnosis and death of the recognized cases. This change was less obvious during the period of rapid increase in mortality than it is today, and necessarily affected the youngest age group more than later age groups.
We have therefore in antibiotics and related factors a relatively simple explanation of three changes which it was impossible to decipher at the time: the post-war increase in leukaemia mortality; the change in the peak incidence of childhood leukaemias from 2-4 years to 4-6 years which is currently depleting the youngest age group of new notifications; and the relatively slow response of underdeveloped countries and underprivileged sections of wealthier countries to the changed conditions of leukaemia survival and detection.
There are, however, three epidemiological problems of special interest to paediatricians and radiobiologists which cannot be ascribed to infections obscuring the true prevalence of leukaemia: (1) Why does the negative correlation between leukaemia mortality and pneumonia mortality not apply to children under 2 years of age (Stewart and Kneale, 1969) ? (2) Why has there been no increase in the number of childhood deaths ascribed to myeloid leukaemia (Doll, 1972) ? and (3) Why were the leukaemogenic effects of obstetric radiography so much harder to detect in follow-up studies of x-rayed children than in case-history studies of children with leukaemias and other cancers (Court Brown, Doll and Hill, 1960; Stewart et al., 1956; Stewart, Webb and Hewitt, 1958; Ford, Paterson and Treuting, 1959; MacMahon, 1962)? Preamble to a new hypothesis 1. During childhood, lymphatic leukaemia is diagnosed three times as often as myeloid leukaemia (Doll, 1972) . There is, however, a preponderance of myeloid cases both in the small group of leukaemias which are recognized at birth (Kaufman and Hess, 1962) and in the much larger group of cases diagnosed between 20 and 40 years (Stewart, 1972a) .
2. Intervals between diagnosis and death (overt survival periods) are certainly shorter for children with myeloid leukaemia than for children with lymphatic leukaemia (Cutler, Heise and Eisenberg, 1967; Oxford Survey, 1973) . So, provided this is also true of intervals between initiation and diagnosis (latent periods), the myeloid cases which are initiated in utero should have reache(d a more critical stage of the disease by birth than the lymphatic cases.
3. It is ctustomary to wait until the foetus is at least 6 months old before resorting to obstetric radiography (Stewart et al., 1958; Stewart and Kneale, 1970a) ; and leukaemias with intervals of less than 3 years between birth and diagnosis are not as common among the cases caused by obstetric radiography as they are among the non-radiogenic cases (Stewart and Hewitt, 1965; Stewart and Kneale, 1970b) . It is therefore possible that the third trimester is a relatively late date for initiating a childhood leukaemia, and that most of the cases in this age range are genuine embryomata.
Hypothesis
These observations lead naturally to the following suggestions: (1) Leukaemia is an unrecognized cause of stillbirths because the classic signs and symptoms are preceded by changes which not only increase the risk of dying from intercurrent infections (leucocyte effect) but also increase the risk of a fatal anoxia during childbirth (erythrocyte effect); (2) the anoxic deaths are a special risk of myeloid embryomata because these cases are approaching the end of the latent period by birth; (3) myeloid leukaemia has remained a rare disease in young children because the anoxic deaths have not been affected by the discovery of antibiotics; (4) the anoxic deaths are not a special risk of the Jeukaemias caused by obstetric radiography because it is exceptional for these cases to have embryonic origins. They are, however, a special risk of difficult deliveries which are also a special risk of x-rayed pregnancies; (5) independent associations between (a) leukaemia and stillbirths and (b) obstetric radiography and stillbirths make it much harder to recognize extra, radiogenic leukaemias in a follow-up study than in a case-history study because (Stewart, 1972b birth cohorts (see Table I ) when 2 400/ of live births were twins,* and 64% of live-born twins were members of like-sex pairs. They were also born during a period when stillbirths accounted for 20/o of single births and 5°0, of multiple births, and the corresponding figures for like-sex twins and opposite-sex twins were 600 and 4% respectively (Registrar General, .
There are no comparable records of the number of live and stillbirths preceded by x-ray examinations, but it is possible to obtain estimates for twins and singletons from two sources: the " control selection lists" used in the Oxford Survey to identify children who lived as * Throughout the report twins are enumerated as individuals, not as pairs. (Stewart and Barber, 1962) , and the 1958 British Perinatal Mortality Survey (Butler and Bonham, 1963 , see Table  II ). Both sources suggested that 2-4% was a reasonable figure to quote for the expected proportions of twins in the study group, and that 10% and 55% respectively were reasonable figures to quote for the expected proportions of x-rayed singletons and twins. In addition, the Oxford data showed that post-infancy risk of dying was roughly the same for twins and singletons (otherwise the proportion of twins would have been less than 2-4%); and the Perinatal Mortality Survey showed that stillbirths and neonatal deaths were a special risk both of twins and of singletons with histories of prenatal x-ray examinations.
In Table III * Including the co-twins of the children who actually served as controls because the selection was on the basis of maternities not individual children (see Stewart and Barber, 1962). t Based on actual numbers of live and stillbirths in a period of 7 days and a mixture of actual and estimated numbers in a period of 3 months (see Butler and Bonham, 1963 According to Table III there was a 29% deficit of twins with cancers which owed more to the non-x-rayed cases (37%) than the x-rayed ones (25%); more to the leukaemias (34%) than the solid tumours (25%/); and more to the like-sex twins (34%) than the oppositesex twins (25%). As a result of these biases the observed numbers of like-sex non-x-rayed twins with solid tumours (17) was less than two-thirds of the expected number (27.8), and the observed number of like-sex non-x-rayed twins with leukaemia (9) was less than half of the expected number (23.5).
DISC(USSION
The discovery that single births are more likely to be followed by deaths ascribed to malignant diseases than twin births is open to two interpretations: either the products of single conceptions have an innate sensitivity to carcinogens which is not shared with the products of multiple conceptions (genuine shortage of cancer-prone twins in the foetal population), or the fact that more singletons survive birth than twins means that thay have lost a smaller proportion of cancer-prone individuals by the end of foetal life (spurious shortage of cancerprone twins in the child population due to cancers being unrecognized causes of in utero deaths).
There Table  II ). There is, therefore, no certainty that a group of children who were x-rayed for obstetric reasons will have more deaths ascribed to leukaemia than a group of non-x-rayed children even if there is a cancer hazard associated with the examinations. In this connection it is important to realize, first, that a temporary deficit of leukaemia deaths (due to a high incidence of stillbirths) followed by a temporary excess (due to radiation-induced leukaemias) is easily mistaken for a normal situation. Secondly, that if one uses a prospective survey to discover whether there is a cancer hazard associated with obstetric radiography one must look beyond the period affected by the " extra" stillbirths for the " extra " cancers. For instance, the survey reported by Court Brown and his associates (1960) described 39,1 66 children who were xrayed during the period 1945 to 1957 and screened for leukaemia deaths between 1945 and 1958. The observed number of deaths (9) was then compared with an expected number (10.5) based on official statistics of leukaemia mortality. In common with other prospective surveys of this period, the data which were published in 1960 do not allow one to see how many of the children were strictly comparable with the Oxford Survey cases (i.e. were allowed 1.0 years in which to express a cancer initiated shortly before birth), or how the observed and expected numbers of leukaemia deaths were related to the duration of the follow-up period (cohort analysis). However, a later analysis along these lines (see Table IW , and Stewart, 1973) has shown us that less than 3000 of the children were followed for 10 years. In this group the observed number of leukaemia deaths (7) exceeded the expected number (4.2), but in the much larger group of children who were follow-ed up for shorter periods the expected number (6.3) exceeded the observed number (2).
The Court Brown survey was on a too truncated time-scale to do more than hint at a spurious shortage of non-radiogenic leukaemias followed by a genuine excess ofradiogenic cases. But it may be possible to obtain further evidence from the 734,243 American children included in the MacMahon (1962 MacMahon ( ) survey of 1947 births. By the time all the children in this prospective survey were 7 years of age, and two-thirds of them were over 10 years, the observed number of leukaemias and solid tumours (85) was significantly greater than the expected number (59). But it would be interesting to know if there was an earlier period when the expected number of leukaemia deaths exceeded the observed number; and how many of the x-rayed and non-x-rayed pregnancies produced children who survived infancy.
Meanwhile the cancer experiences of the twins and singletons included in the Oxford Survey suggest that leukaemia is an unrecognized cause of stillbirths and that (1) the extreme rarity of childhood leukaemias in non-x-rayed twins of like sex; (2) the persistent shortage of myeloid leukaemias in young children dying during a period of rapid increase in older age groups; (3) the apparently contradictory findings of so many retrospective and prospective studies of the delayed effects of prenatal irradiation (Stewart, 1973 ). An association between leukaemias and stillbirths which is recognizable at a group level but not in individual cases suggests that we are dealing with deaths which occur before the classic signs of leukaemia have time to develop (so-called latent period deaths). The timing of the deaths also suggests that the low oxygen pressures which prevail during parturition are an important factor in a situation which frequently causes a sudden and unexpected death during labour and may recur during deep sleep and be the cause of the anoxic changes which have been observed in cases of sudden and unexpected death during infancy (Camps and Carpenter, 1972) .
